This study was conducted to provide the basic information to allow improved scientific assessment of velvet antler's quality by investigating the change of chemical composition during different antler growth stages in elk (Cervus elaphus canadensis). Twenty four antlers were harvested from elk stags (aged 4-5 years) on 65 days (VA65), 80 days (VA80) and 95 days (VA95) after button casting, and the chemical composition of each antler was determined in five sections (top, upper, middle, base, and bottom). Crude protein and ether extract content was the highest in the top section, whereas ash content was the highest in the bottom section in all groups (p<0.05). Glycosaminoglycan (GAG) content was higher in the VA65 group than in the VA95 group in the upper section of antler (p<0.05). The collagen content was higher in the VA65 group compared to the VA95 group in the middle and bottom sections (p<0.05), and increased downward from the top to the bottom section. The proportions of certain amino acids, including aspartic acid, glutamic acid and isoleucine were higher (p<0.05), whereas proline and glycine were lower in the top section of antler compared to all other sections (p<0.05). The proportion of linoleic acid, 11,14,17-eicosatrienoic acid, total ω-3 and ω-6 fatty acids and polyunsaturated fatty acids (PUFAs) for all sections in the VA65 group was higher than in the VA95 group (p<0.05). These results suggested that the quality of velvet antler is strongly influenced by antler development stage.
INTRODUCTION
Antlers are unique among animal bones in that they grow and are cast every year. They grow very fast and are covered with 'velvet' a thick periosteum well supplied with blood vessels (Li, 2003) . Velvet antler differentiates rapidly, showing a sequential development from the tip to the base, and then becomes hardened because of progressive mineralization and occlusion of blood vessels (Kay et al., 1982; Fletcher, 1986) . Therefore, the chemical composition of velvet antler may vary greatly with both the antler portion and the stage of antler development.
Velvet antler is a well-known traditional oriental medicine, which has been used clinically in East Asia for thousands of years in the treatment of various diseases and as a tonic (Zhang et al., 1992) . Recently, velvet antler consumption has increased worldwide, with consumers interested in the quantity, chemical composition and quality of velvet antler (Jeon and Moon, 2006) . Several studies have been reported that the quality of velvet antler partially depends on the age, breed, growth stage, feeding condition and nutrition level of stag (Ha et al., 2003; Moon et al., 2004) . In addition, some evidence suggests that the chemical composition of velvet antler varies with species, antler region, portion of the antler and the stage of antler development (Chapman, 1975; Landete-Castillejos et al., 2007) . Numerous researchers have investigated the chemical composition of entire velvet antler and found it to be composed of a variety of minerals, proteins, collagens, omega-3 fatty acids, glycosaminoglycans, and prostaglandins in varying concentrations (Sunwoo et al., 1995; Sunwoo et al., 1997; Choi et al., 2006) . Moreover, a number of recent animal studies have linked velvet antler consumption with an enhanced sense of well being and vitality, improved musculoskeletal function, enhanced resistance to disease and immune system modulation, increased blood flow and blood pressure modulation, and promotion of rapid healing in tissues and bones (Elliott et al., 1996; Hemmings and Song, 2004; Moreau et al., 2004) .
Although some studies on the chemical components and bioavailability of entire velvet antler have been carried out, there has been little research activity on standardization of farmed velvet antler, in particular, the chemical content of each section of velvet antler at different cutting times. Therefore, the aim of the present study was to provide basic information to allow the improved assessment of velvet antler quality and standardization of farmed velvet antler by investigating the change in chemical composition depending on antler development stage in elk (Cervus elaphus canadensis).
MATERIALS AND METHODS

Sample collection
Twenty four samples of velvet antler harvested on 65 days (VA65), 80 days (VA80) and 95 days (VA95) after casting were collected from randomly-selected deer farms in Korea, from June to August, 2007. Antlers were harvested from 24 elk (Cervus elaphus canadensis) stags, 4-5 years old, and one of the antler pair from each stag was used as a sample for analysis. All stags were healthy with no clinical signs of disease. Each antler sample was divided into five equal sections (top, upper, middle, base and bottom) along the main beam. Samples of each section were sliced with a bone slicer, freeze-dried and ground by a sample mill (KNIFETEC 1095 Sample Mill) to pass a 0.1 mm screen. Ground samples were stored in a freezer (-40°C) until chemical analysis.
Chemical analysis
The antler samples were analyzed for crude protein, crude fat (ether extract), crude fiber, total ash and mineral content using the methods of the Association of Official Analytical Chemists (AOAC, 1990) . Collagen content was calculated by multiplying the hydroxyproline content by 7.25 (Cross et al., 1973) . Hydroxyproline content was determined by the method of Bergman and Loxley (1962) .
For glycosaminoglycan (GAG), uronic acid and sialic acid analysis, 50 mg of velvet antler sample was decalcified in 1 ml 0.05 M Na 2 EDTA (pH 7.4, including 0.5 M Tris) for 2 days at 4°C. After decalcification, samples were centrifuged at 12,000 rpm for 10 min at 4°C to obtain a precipitate. A 3 ml sample of 0.1 M phosphate buffer (pH 6.5, containing 0.05 M cystein hydrochloride and 0.005 M Na 2 EDTA) was mixed with 20 mg crude papain, and incubated for 30 min at 65°C to activate the enzyme. The activated enzyme was then mixed with the decalcified samples. The reaction was carried out for 16 h at 65°C, after which the upper liquid layer was removed.
Glycosaminoglycan content was determined by a microfilter plate adaptation of a dimethylmethylene blue assay of Farndale et al. (1982) . Uronic acid content of the antler was determined by the method of Scott (1960) and Kosakaki and Yosizawa (1979) . Sialic acid content was determined by the method of Warren (1959) . Reagent A (40 μl) was added to the samples, standards and controls (80 μl) and mixed well. The mixture was left at room temperature for 20 min. Reagent B (400 μl) was then added and the tubes were shaken vigorously to remove the yellow-colored iodine. The tubes were left for a further 5 min at room temperature. Reagent C (1.2 ml) was then added before the tubes were shaken and heated at 100°C for 15 min. Samples were cooled rapidly to room temperature, and two liquid layers formed: one was red in color and the other was transparent. The red-colored solution was extracted and centrifuged for a few minutes to properly separate the two layers. The upper cyclohexanone layer was determined at the absorbance level of 549 nm.
For amino acid analysis, antler samples (80 mg) were combined with 10 ml of 6 N HCl. After N 2 gas was used to purge the samples in the test tube, the samples were hydrolysed in a dry oven at 110°C for 24 h. The hydrolysed samples were then evaporated and a sodium-distilled buffer (pH 2.2) was added. Samples were then filtered through a syringe filter (0.45 μm) and analyzed using an amino acid autoanalyzer (Pharmacia Biotech Biochrom 20, Ninhydrin Method). Amino acids were determined by absorbance at 440 and 570 nm.
Fatty acid analysis of the antler samples was carried out using the following procedure. Samples were first methylated using the Park and Goins (1994) method for fatty acid analysis. In brief, 3 ml of sample was transesterified to fatty acid methyl esters in benzene using 0.5 M NaOH/methanol for 10 min at 100°C. After cooling, the mixture was neutralized with HCl/methanol and then reheated. Fatty acid and methyl esters were extracted with hexane and measured by gas-liquid chromatography (HP 5890 II Series, Hewlett-Packard, Atlanta, USA) using a capillary column (Agilent-INNOWax, 30 mm×0.32 mm× 0.25 μm). The initial column temperature was programmed to 150°C and gradually increased to 200°C at 5°C/min. The components detected were identified by comparison with a standard mixture of fatty acid methyl esters (lipid standard and linoleic acid methyl esters, cis/trans-isomers, Sigma Ltd., St. Louis, USA). Composition of the free fatty acid fraction was expressed as a weight percentage of the total fatty acids.
Statistical analysis
All data are presented as means and standard deviation. Analysis of variance with Duncan's multiple range test was performed to evaluate the differences among the groups, using the Statistical Analysis System version 6.0 (SAS Institute, Cary, NC, USA). Statistical significance was defined as p<0.05.
RESULTS AND DISCUSSION
Velvet antler production
The production of velvet antlers at different cutting times is shown in Figure 1 . In general, it is known that antlers constitute 1 to 5% of body weight (Weladji et al., 2005) , and antler elongation has a typical S-shaped growth curve (Goss, 1983) . In the present study, antler production of the VA65 group was lower compared to that of the VA95 group (p<0.05). It appeared that the velvet antlers had grown constantly from 65 days until 95 days after casting.
Chemical composition
The ash, crude protein, ether extract (crude fat), calcium and phosphorus content of velvet antlers is shown in Table  1 . The crude protein and ether extract content was the highest in the top section of antler and decreased markedly in the other sections further down the antler (p<0.05). A similar pattern was observed in all groups. The ash content was the highest in the bottom section and markedly increased downward in all groups (p<0.05). The ash content in the base and bottom sections in the VA95 group was higher than in the same section in the VA65 group (p<0.05). Ullrey (1983) reported that protein and ash accounted for 80% and 20% of dry matter, respectively, in whole velvet antler from white-tailed deer. Although there was no difference between groups, in calcium (Ca) and phosphorus (P) content, it did tend to increase from the top to the bottom of the antler. These results indicated that velvet antlers were actively growing in the VA65 group, and were beginning to calcify in the VA95 group. Similar results were reported in Iberian red deer where the base section had greater ash content, and more Ca and P (Landete-Castillejos et al., 2007) . Currey (1999) also reported that the mineral content of antlers was higher in the base section than in the tip. Miller et al. (1985) reported that Ca and P content of unskinned middle sections of White-tailed deer antlers was 0.19% and 0.10% of dry weight, respectively. These values were much lower than ours, and therefore indicate that our samples were ossified to a greater extent than those analyzed by Miller et al. (1985) . However, it has also been reported that antler mineral content (including Ca, P, and Na) increase as deer age (Schultz et al., 1994) . In another study, it was reported that antler ash, including Ca and P, increased throughout the antler growth period, and antler protein levels declined slightly during the last week of the velvet shedding period (Moen and Pastor, 1998) . Therefore, it is possible that the longer the antler growth period, the greater the progress of mineralization, which leads to a decrease in the protein level and the ether extract content and an increase in the ash content in the VA95 group.
Sialic acid, glycosaminoglycans (GAGs) and uronic acid content
The sialic acid, GAGs and uronic acid content of velvet antlers at different cutting times in elk are shown in Table 2 . The sialic acid and uronic acid content increased markedly from the bottom to the top section (p<0.05), but there was no difference among three groups across the different cutting times. Scott and Hughes (1981) reported that the uronic acid content of deer antler was 0.3%, which was much lower than our results in all sections. Glycosaminoglycans have been shown in animal models to have an antioxidant effect which could reduce joint erosion, stimulate biosynthesis of cartilaginous tissue or inhibit its degradation, and also serve as potent regulators of synoviocytes, which control the integrity of joint fluids (Allen et al., 2008) . In the present study, the GAGs content of the upper section of antler was higher in the VA65 group than the VA95 group (p<0.05). In all groups the GAGs content was the highest in the top section of antler and decreased markedly in the other sections further down the antler (p<0.05). Several studies have reported similar results with uronic acid, sulfated GAGs and sialic acid content decreasing on moving down from the upper antler sections to the base sections (Sunwoo et al., 1995; Ha et al., 2003) .
Anionic molecules of the GAGs chondroitin sulfate in the growth plate have been reported to have important roles as ion exchangers in endochondral bone formation (Hunter, 1991) . Chondroitin sulfate is the major antler GAGs component comprising 88% of the total uronic acid content and may be a potentially important carbohydrate in the antler (Sunwoo et al., 1995; Ha et al., 2005) . Our results indicate that the sialic acid, GAGs and uronic acid content of the antler is decreased by the extent of mineralization in velvet antler.
Collagen content
The collagen content of velvet antler at different cutting times in elk is shown in Figure 2 . Collagen is a major protein in velvet antler (Goss, 1983) , and numerous researchers have demonstrated that the growth plate of velvet antler contains collagen type II, IX and XI (Wardale and Duance, 1993; Sunwoo, 1998) . Collagen type X is found exclusively within the zone of hypertrophic chondrocytes, which are actively involved in the mineralization process (Rucklidge et al., 1996) . In the present study, the collagen content of the middle and bottom sections of antler was higher in the VA65 group than the VA95 group (p<0.05). Also, the collagen content increased markedly on moving down from the top to the bottom section of antler in all groups (p<0.05). Similarly, Sunwoo et al. (1995) reported that the proportion of collagen in velvet antlers of elk increased downward from the upper sections to the base sections (approximately 1.4, 2.5 and 3.2 times higher in the upper, middle and base section, respectively, than in the tip section) with a concomitant increase in mineral content. Antler collagen appears to be involved as an organic element, reinforcing the mineralized tissue structure and provide mechanical strength to the tissue (Sunwoo et al., 1995) .
Amino acid composition
The composition of amino acids in velvet antlers at different cutting times is shown in Table 3 . There were no differences in the individual amino acid composition of the antlers among the groups. It has been reported that aspartic acid, glutamic acid, proline, glycine and arginine are the predominant amino acids in velvet antler, and account for approximately 32.5-37.2% of the total amino acids (Jeon et al., 2009) . In the present study, the proportions of the individual amino acids, such as aspartic acid, threonine, serine, glutamic acid, isoleucine, leucine, tyrosine, phenylalanine, histidine and lysine, were higher in the top and upper sections compared to the other sections (p<0.05).
Within the top section of antler, the levels of glutamic acid, isoleucine, leucine and tyrosine were higher in the VA65 group compared to the VA80 and VA95 groups (p<0.05). Sunwoo et al. (1995) also reported that the amino acid content of Wapiti velvet antler decreased downward from the tip to the base section. However, in the current study, proline and glycine levels were lowest in the top section (p<0.05) and increased from the top to the bottom sections in all groups. In addition, levels of these amino acids were higher within the top antler section in the VA95 group than the VA65 group (p<0.05). This effect could be related to large amounts of collagen in the younger velvet antler compared to the older more mineralized antler. From these results, it is clear that amino acid content, which may be one of the factors representative of the quality of velvet antler, is influenced by the mineralization and elongation of antlers.
Fatty acid composition
The fatty acid profiles of velvet antler at different cutting times are shown in Table 4 . In this study, the proportions of individual and total saturated fatty acids (SFAs) were not different between the five antler sections. The proportion of palmitic acid (C16:0) was lower in the upper section (p<0.05), and arachidic acid (C20:0) was higher in the bottom section (p<0.05) in the VA65 group compared to the VA80 group. The proportions of individual and total mono-unsaturated fatty acids (MUFAs) were largely similar in all groups, with oleic acids (C18:1ω7 and 9) accounting for more than half of total MUFA. The only MUFA to differ in level between the groups was erucic acid (C22:1ω9) which was higher in the top section (p<0.05) of the VA65 and VA80 groups compared to the VA95 group. Sunwoo et al. (1995) only detected linolenic acid (C18:3ω6) in the top section of antler from Wapiti. In the VA80 group, the levels of arachidonic acid (C20:4ω6) and total ω-6 fatty acid were higher in the middle section compared to the top sections (p<0.05). On the other hand, the proportions of linoleic acid (C18:2ω6) and total ω-6 fatty acid for the top, upper, base and bottom sections in the VA65 group were higher than in the VA80 and/or VA95 group (p<0.05). Although there were no differences in the proportions of the individual and total ω-3 fatty acids in the different sections of antler in each group, 11,14,17-eicosatrienoic acid (C20:3ω3) and total ω-3 fatty acids were increased in the VA65 and VA80 groups compared to the VA95 group in all antler sections (p<0.05). Omega-3 fatty acids are reported to have anti-inflammatory effects, and have been found to be effective in reducing symptoms in patients with rheumatoid arthritis (Berbert et al., 2005; Leeb et al., 2006 ). In the current study, the proportions of total polyunsaturated fatty acids (PUFAs) and the PUFA to SFA ratio were higher in the VA65 group than the VA95 group for all antler sections (p<0.05). The variation in velvet antler nutrient composition, including sialic acid, uronic acid, collagen, amino acids and fatty acids, appeared to be related to the faster ossification accompanying the growth and development of antlers. Based on the results of this research, it is considered that the lower content of bioactive components in the later antler development stage (VA95) leads to a decrease of whole antler quality for nutritional supplements or pharmaceutical agents. 
